Primary pulmonary angiosarcoma is a rare type of malignant vascular tumor with a very aggressive clinical course and a grim prognosis. To date, only a handful of cases have been reported in English literature. Its rarity and consequent low index of suspicion makes clinical diagnosis difficult. In this report we present three cases of primary pulmonary angiosarcoma with cough, hemoptysis, and progressive dyspnea to contribute to the sparse literature on this disease. A review is made of previous reports of primary pulmonary angiosarcomas, and the clinical characteristics, diagnosed method, treatment options, and prognosis of pulmonary angiosarcoma are also discussed.
Introduction
Angiosarcoma of the lung is a rare tumor that most often presents as metastatic disease. Primary pulmonary angiosarcoma is rarely reported. Because of the rarity of this disease, our understanding of primary pulmonary angiosarcoma is limited. In this report we present three cases of primary pulmonary angiosarcoma with a brief review, to contribute to the sparse literature on this disease.
Case Report Case 1
A 59-year-old woman presented with increasing dyspnea and bloody sputum, which had occurred over a period of three months before admission. Her past medical history and physical examination were unremarkable, except for exposure to tuberculous infection 20 years ago. Computed tomography (CT) pulmonary angiography performed in another hospital revealed a filling defect in the right upper pulmonary artery. She was initially sequentially treated for pulmonary thromboembolism with low molecular weight heparin and warfarin. However, as her shortness of breath worsened, she was admitted to our hospital for further investigation. At admission, her vital signs were stable. A clinical respiratory examination revealed decreased respiratory sounds in the bilateral lung zone. Chest CT showed bilateral pleural effusion and multiple nodules with scattered areas of ground glass opacity in the lung parenchyma (Fig 1a) . Pleural fluid was hemorrhagic and exudative by Light's criteria. Repeated cytologic tests of pleural effusion were negative for tumor cells. No extrapulmonary lesions were identified by positron emission tomography (PET) scan; therefore, metastatic disease was excluded. The patient underwent video-assisted thoracoscopy surgery (VATS), which revealed diffuse small nodular lesions on the parietal pleura with vacuolar changes on the left lung (Fig 1c) . Thoracoscopy biopsy revealed malignant cell infiltration (positive for vimentin, CD31, CD34; negative for S100, thyroid transcription factor-1 [TTF-1]/Napsin-A/carcinoembryonic antigen, cytokeratin [CK]7, CK5, CK20, caudal type homeobox 2, gross cystic disease fluid protein-15, D2-40, metastatic carcinoma [MC], calretinin, and periodic acid-Schiff-diastase), consistent with pulmonary primary angiosarcoma (Fig 1b,d) . The patient had to abandon further chemotherapy because of physical weakness. After two months of supportive therapy, she died as a result of respiratory failure.
Case 2
A 32-year-old non-smoking female with no past medical history presented to our emergency department with a two-month history of productive cough, intermittent hemoptysis, and progressive dyspnea on exertion. During physical examination, the patient was anxious and appeared ill. She was tachycardic to 130/minute; her BP was 100/70 mmHg; her respiratory rate 32/minute; and her pulse oximetry 90% on room air. A chest examination revealed a reduction in respiratory sounds in the bilateral lower lung zone. Chest CT revealed bilateral pleural effusion, multiple nodules, ground-glass opaque lesions, and large pericardial effusion (Fig 2a) . A PET scan failed to reveal any tumors in other locations. Laboratory tests for infection, blood dyscrasia, and connective tissue disease were all negative. After introduction of a pericardium tube, 1000 mL of hematic fluid was drained. A cytological study of the pericardium effusion did not reveal any definite results. The patient underwent a bronchoscopy and transbronchial biopsies; however, these did not contribute to a diagnosis. A left medical thoracoscopy with pleural biopsies was performed and showed multiple visceral pleural flat nodules of a dark red color (Fig 2c) . Histologic examination of the pleura biopsy specimen showed vascular spaces lined by malignant endothelial cells, some containing vesicular nuclei, which is suggestive of high-grade angiosarcoma (Fig 2b,d) . The patient was treated with intermittent Endostar and supportive therapy for two months with little improvement in her shortness of breath. She died as a result of respiratory failure after four months.
Case 3
A 69-year-old, chronic smoking male presented with cough, bloody sputum, and weight loss of a five-month duration. He had a history of hypertension and diabetes. He had consulted a general physician, and chest CT had shown multiple nodules in the central and peripheral portions of both lungs. Many of the nodules were surrounded by a halo of ground-glass haziness (Fig 3a) . He had initially been treated for pneumonia with various antibiotics in another medical center but had remained symptomatic. He was admitted to our hospital for further investigation of his condition. The patient's general condition was fair. Inspiratory crackles and wheezing could be heard bilaterally. Other physical findings were negative. Laboratory data were normal, except for a moderate degree of anemia (hemoglobin, 11 g/dL). To explore the origin of hemoptysis and make a definite diagnosis, the inferior lobe and lingular segment of the superior lobe of the left lung were resected by VATS. A histological pathology examination of the resected specimen revealed well-formed anastomosing vessels. The vasoformative areas consisted of channels lined by high-grade epithelioid cells, with abundant eosinophilic cytoplasm and significant nuclear atypia (Fig 3b) . On immunohistochemical testing, the tumor cells stained positive for endothelial markers factor VIII, CD31, and CD34 (Fig 3c,d ) and negative for CK7 and TTF. A PET scan identified no extrapulmonary lesions. A diagnosis of primary epithelioid angiosarcoma was made. After a month of supportive therapy, the patient died as a result of multiple organ failure.
Discussion
Primary pulmonary angiosarcoma is a rare type of malignant vascular tumor characterized by the proliferation of tumor cells with endothelial features. To the best of our knowledge, only 28 cases, including our patients, have been reported in English literature (Table 1) . The mean age of the reported cases was 54.7 years (range 23-85). Of these cases, 18 (64.3%) were men and 10 (35.7%) were women.
There are no symptoms specific to pulmonary angiosarcoma, as the presentation is similar to symptoms found in all lung cancers. Of the 28 cases, hemoptysis and/or hemosputum (16 cases) were the most frequently observed symptoms at the first visit, followed by cough (13) and dyspnea (12) .
Reported chest radiograph findings ranged from solitary lesions to multiple nodular densities, with or without pleural effusion. Among the 28 cases, multiple lesions were the most common presentation, occurring in up to 50% (14/28) of patients. Multiple lesions could be expressed as nodules, ground glass opacities, and halo signs. Solitary lesions accounted for 39.3% (11/28). In addition, three cases were described as pulmonary consolidation. Compared with patients with solitary lesions, patients with multiple lesions had a poorer prognosis because of the rapid progression of multiple lesions and less effective clinical treatment. Particular attention should be paid to the three cases with pulmonary consolidation. Median survival in these patients was similar to patients with multiple lesions. Therefore, primary pulmonary angiosarcoma showing multiple infiltration or consolidation suggests a prognostic indicator for an unfavorable outcome.
Early diagnosis of primary pulmonary angiosarcoma is uncommon because of the non-specific respiratory manifestations and consequent low index of suspicion. Definitive diagnosis is made on the basis of histopathological and immunohistochemical findings. The proliferation of variably sized vascular channels with irregular branching, epithelioid-like endothelial lining of vascular spaces, abundant cytoplasm with pleomorphic nuclei and prominent nucleoli, and mitotic figures in atypical fashion are typical pathological features of pulmonary angiosarcoma. Immunohistochemical examination is essential to confirm diagnosis. Among the various immunohistochemical markers used for classification, CD31, CD34, and factor VIII-related antigen are considered specific for diagnosis.
Among the 28 reported patients with primary pulmonary angiosarcoma, bronchoscopy was performed in 13 patients, but only two cases were definitively diagnosed (positive diagnostic rate 15%). Open lung biopsy was performed in 19 patients (including 11 of the patients who were not definitely diagnosed after bronchoscopy) and a definitive diagnosis was obtained. The total positive diagnostic rate of open lung biopsy was 100%. Percutaneous needle aspiration cytology (PNAC) and pleural biopsy are also effective in the diagnosis of pulmonary angiosarcoma, especially for patients with peripheral pulmonary nodules. Of the 28 patients, four were diagnosed by PNAC and pleural biopsy. In addition, two patients were diagnosed after autopsy; one article did not mention the diagnosis method. Our analysis suggests a low positive diagnostic rate by bronchoscopic biopsy for primary pulmonary angiosarcoma, regardless of the type of radiologic features. Possible reasons for infrequent diagnosis by bronchoscopic biopsy include the fact that the tumors involved few bronchi and the atypical pathological features of primary pulmonary angiosarcoma are difficult to recognize with a small bronchoscopic biopsy sample size. Once clinically suspected, medical thoracoscopy/VATS or open lung biopsy are more effective methods of diagnosis.
There is no standard treatment regimen specifically for pulmonary epithelioid angiosarcoma. Surgical resection, radiation, and chemotherapy have all been attempted. Surgery has been the mainstay for locally confined disease. 8 Several previous studies have shown that angiosarcoma is radiosensitive. 25 Chemotherapy has also been reported to be effective. Two chemotherapeutic combinations have demonstrated partial and full effects: doxorubicin/ifosfamide and docetaxel/gemcitabine. 13 Systemic administration of high doses of recombinant interleukin 2 (rIL-2) also seems to have been effective. 3 However, rIL-2 therapy is usually used with radiotherapy or chemotherapy; therefore, the potential efficacy of rIL-2 alone cannot be assessed. Although many attempts have been made to treat primary pulmonary angiosarcoma, none have proven effective. Of the 28 reported cases, 91% of patients with solitary lesions (10/11) were treated actively, including radiotherapy (1 case), chemotherapy (1), surgery combined with chemotherapy and radiotherapy (3), and surgery (5 cases). The median overall survival was seven months. Only five cases of 14 with multiple lesions accepted chemotherapy, radiotherapy, and palliative surgery. The remaining patients (9/14) had to abandon further therapy because of physical weakness. The median overall survival of patients with multiple lesions was two months. All three cases of our report showing pulmonary consolidation received surgery or chemotherapy. The survival times were one week, two weeks, and six months. Compared with patients with solitary lesions, patients with multiple lesions had a poorer prognosis.
In summary, primary pulmonary angiosarcoma is a very rare type of malignant vascular tumor and its clinicopathologic features are not well known. Definitive diagnosis is 
